Background-Shunt vessels were imaged and shunt flow was analysed by cross sectional and Doppler echocardiography in 12 patients who had had 14 shunt procedures (nine left BlalockTaussig shunts, three right BlalockTaussig shunts, one modified Waterston shunt, and one central shunt).
images of the shunt vessels were identical. The ratio of the peak flow velocity measured at the aortic and the pulmonary ends of the shunt vessel was significantly larger in the segmentally stenosed shunt vessels than in the uniformly patent shunt vessels (p < 0-001). The ratio in the two shunt vessels only partially imaged by cross sectional echocardiography indicated that they were segmentally stenosed.
Conclusion tilting the transducer by 10°-20°laterally to the right (fig 2) . The parasternal approach was used in the patient with a central shunt or modified Waterston shunt. The transducer was placed at the mid left sternal border and directed transversely at the ascending aorta. The shunt vessel was imaged beyond the transversely sectioned ascending aorta in the patient with a modified Waterston shunt (fig 3) . Colour Doppler echocardiography was also used to aid the detection of the shunt vessels in 10 patients exaniined towards the end of this study. Flow directed toward the transducer was conventionally coded in red and flow away from the transducer was coded in blue.
When the shunt vessel was detected, the internal diameter was measured (from inner edge to inner edge) with the callipers incorporated in the equipment and the Doppler sample volume was then positioned within the shunt vessel. The shunt flow was recorded with the electrocardiogram and a video recorder. The peak flow velocity (cm/s) was measured at proximal and distal sites in the shunt vessels. In a few patients where the flow velocity at the distal site exceeded the highest range that could be recorded by the pulsed Doppler method we measured the peak flow velocity by the continuous Doppler method. In addition, the peak flow velocity at the proximal and intermediate sites was measured at the same time to confirm that the value measured by the continuous Doppler method was being recorded at the distal site.
The peak flow velocity measured in the distal portion of the shunt vessel was compared with that measured in the proximal portion. The ratio between the peak flow velocity at the distal portion and at the proximal portion was then calculated.
ANGIOGRAPHY
Cardiac catheterisation and angiography were performed in 10 patients a few days after the Doppler and echocardiographic examination. The shunt vessels were selectively imaged by biplanar cineangiography. STATISTICAL 
ANALYSIS
Grouped data were compared by the unpaired Student's t test. A p value of . 005 was regarded as significant.
Results
Twelve of 14 shunt vessels were imaged along their entire length (85-7% success rate). The distal portions of the shunt vessels were not detected in two patients (cases 5 and 8, both with a left Blalock-Taussig shunt). In the 10 patients who also had angiography the echocardiographic and angiographic appearances of the shunt vessels were identical (fig 4) . Figure 4 shows the cross sectional echocardiogram of a left Blalock-Taussig shunt (patient 1 1). Shunt flow was detected in both the proximal and distal portions (fig 4) . Right Blalock-Taussig shunts, the modified Waterston shunt, and the central shunt were also clearly imaged.
Stenosis of the shunt vessel was tentatively Horiguchi, Hiraishi, Misawa, Agata, Nakae diagnosed when the diameter of the shunt vessel was less than 2-5 mm. Six of 12 shunt vessels had diameters of > 2 5 mm along their entire length by cross sectional echocardiography (uniformly patent shunt vessels). The diameter of four other shunt vessels was <2-5 mm at their distal sites (segmentally stenosed shunt vessels), and the diameters of the remaining two shunts were < 2 5 mm along their entire length (uniformly stenosed shunt vessels).
The ratio of the peak flow velocity in the distal portion to that in the proximal portion was 0-89-1-46 in uniformly patent shunt vessels (n = 6), 1 87-2-82 in segmentally stenosed shunt vessels (n = 4), and 1-38 and 2-41 in the two patients with uniformly stenosed shunt vessels (table 2) . Segmentally stenosed shunt vessels had significantly larger ratios than uniformly patent shunt vessels (p < 0-001).
In the two patients in whom the distal portions of the shunt vessels were not imaged by cross sectional echocardiography (patients 5 and 8, both with left Blalock-Taussig shunt) the peak flow velocity was also measured by the continuous Doppler method at the distal sites. The ratio of the peak flow velocity measured by the continuous Doppler method in the distal portion to that in the proximal portion indicated segmentally stenosed shunt vessels. Angiograms in these two patients showed stenosis at the distal sites.
Discussion

IDENTIFICATION OF THE SHUNT VESSELS
The shunt vessels were clearly imaged by our cross sectional echocardiographic method, although in two patients the distal portion was not imaged. The echocardiographic and angiographic findings showed similar shunt vessel morphology.
PATENCY OF THE SHUNT VESSELS AND FLOW VELOCITIES
Continuous left-to-right shunt flow was detected within all the shunt vessels. Shunt flow velocity was measured in the proximal and distal portions ofthe 12 shunt vessels. Peak flow velocity was very high in the distal portion of segmentally stenosed shunt vessels. The ratio of peak flow velocity in the distal portion to the peak flow velocity in the proximal portion in this group was larger than that of uniformly patent shunt vessels. The ratios were 1 38 and 2-41 in two patients with uniformly stenosed shunt vessels. The diameter of the left BlalockTaussig shunt in the patient with a ratio of 1-38 was 2-0 mm at the proximal portion and 19 mm at the distal portion. In the patient with a ratio of 2-41 the diameters were 2-1 mm and 1-3 mm respectively. The tapering shape of this shunt vessel is thought to have caused the high ratio. In the two patients with uniformly stenotic shunts, oxygenation had not improved and second palliative operations were performed. These findings indicate that measurement of the ratio of the peak flow velocity at the distal portion to the peak flow velocity at the proximal portion will improve the accuracy of the evaluation of shunt vessel morphology.
Moreover, in the patients in whom the distal site could not be detected by cross Marx et al reported that continuous Doppler echocardiography could detect shunt flow and could be used to estimate the drop in pressure across aorta to pulmonary artery shunts.3 They used the suprasternal notch or the supraclavicular window for Blalock-Taussig shunts and the left parasternal window for Waterston shunts. They did not, however, mention the morphology or size of the shunt vessels. Our study shows that the beam direction is vital when the peak flow velocity is being measured especially in patients with a segmentally stenotic shunt vessel.
